In patients with diabetes, hyperglycemia is known to promote high levels of diacylglycerol which activates protein kinase C (PKC) in the vascular tissues and leads to the production of vascular endothelial growth factor (VEGF) in the retina. PKC activation and increased concentration of VEGF are likely to play a key role in diabetic microvascular complications, particularly change in vascular permeability, inflammation, fluid leakage and ischemia in the retina. PKC comprises a super family of isoenzymes that is activated in response to various stimuli. The PKC family consists of 12 isomers that possess distinct differences in structure, substrate requirement, expression and localization. PKC isomer selective inhibitors and VEGF trap are likely to be new therapeutics, which can delay the onset or stop the progression of diabetic vascular disease. A new promising therapy for diabetic retinopathy is undergoing Phase III trials, in which they proposed to target PKC II isomer using Ruboxistaurin by oral administration. Besides retina, PKC II isomer is found in higher concentration in brain, spleen, etc. So, oral targeting may be a questionable approach since generalized inhibitors may prove toxic in the treatment of diabetic retinopathy and ocular delivery may be a better alternative approach.
INTRODUCTION
Diabetic retinopathy is a complication of diabetes and a major cause of unavoidable blindness in both the developing and the developed countries. Diabetic patients with retinopathy are expected to become blind 25 times more than nondiabetics [1, 2] . Diabetic retinopathy is characterized by the formation of primitive, leaky and disorganized vascular networks, which grow into the vitreous and reflect the unique aspects of vascular endothelial growth factor (VEGF) function which in turn is activated by the active protein kinase C (PKC) receptor. In hyperglycemic patients there is an increase in diacylglycerol generation (DAG), advance glycosylation end product (AGE) and free radical generation which activate PKC receptor by DAG-PKC pathway. The expression level of VEGF gets influenced by binding with hypoxia inducible factor (HIF-1 ). In diabetic retinopathy, supply of oxygen to the part of retina is decreased which blocks the blood vessels causing hypoxic and ischemic condition. To compensate this condition, there is a formation of new blood vessels in the presence of VEGF and HIF-1 known as neovascularization. These newly formed blood vessels are leaky, fragile and have thin wall which leak the blood on the surface of eye and blindness takes place [3] [4] [5] [6] . Diabetic retinopathy progresses through various stages, the two main stages of visual loss/impairment in patients with diabetic retinopathy are: proliferative diabetic retinopathy (PDR) and *Address correspondence to this author at the Department of Pharmaceutics, J.S.S. College of Pharmacy, Ooty, T.N.-643001, India; Tel: +91-9159914526; E-mail: deepap16@rediffmail.com diabetic macular edema (DME). Retinal neovascularization, a hallmark of proliferative diabetic retinopathy (PDR), is a major risk factor for severe vision loss in patients. Depending on the degree and severity of newly formed vessels, presence of vitreous or pre-retinal hemorrhage and retinal detachment, PDR can be categorized as nonproliferative diabetic retinopathy (Pericyte loss, basement membrane thickening, vascular leakage, alteration in blood flow, tissue hypoxia), preproliferative diabetic retinopathy (Hypoxia, oedema, microaneurysms, soft exudates, venous beading) and proliferative diabetic retinopathy (Angiogenesis, fibrovascular ridge, breakdown of inner blood-retinal barrier, retinal detachment, blindness). Diabetic macular edema (DME) is the most common cause of moderate visual loss which may be associated with any of the stages of retinopathy [7] . DME is defined as retinal thickening or presence of hard exudates within one disc diameter of the center of the macula shown in Fig. (1) .
PATHOPHYSIOLOGY

AND BIOCHEMICAL CHANGES
The DAG-PKC pathway contributes to vascular function in many ways, such as regulation of endothelial permeability, vasoconstriction, extracellular matrix synthesis/turnover, cell growth, angiogenesis, cytokine activation and leucocyte adhesion [8, 9] as shown in Fig. (2) .
RECEPTORS AND ACTIVITY
Mainly three proteins PKC, VEGF and HIF-1 are responsible for retinopathy and these proteins are interrelated with each other [10] . 12 isomeric forms of PKC receptor are available throughout the body wherein PKC beta II gets activated due to high glucose level in various animal tissues namely brain, aorta, kidney, retina and heart as shown in Table 1 [11, 12] . PKC delta is present in brain, heart, spleen, lung, liver, ovary, pancreas, and adrenal tissues. PKC epsilon is present in brain, kidney, and pancreas but predominantly present in brain. PKC zeta is present in most tissues, particularly lungs, brain, and liver. Both PKC delta and PKC zeta showed some heterogeneity of size among the different tissues. PKC alpha is present in all the organs and tissues examined but predominantly in brain and spleen. Further, PKC beta I and beta II are also present in great amount in the brain and spleen. In case of diabetic retinopathy, PKC beta II isoform is more active than other isoforms and PKC beta II isoform is present in high percentage in the retina [13] .
VEGF are important signaling proteins involved in vasculogenesis and angiogenesis. Currently, the VEGF family consists of seven members, VEGF A, VEGF B, VEGF C, VEGF D, VEGF E, VEGF F, and P1GF with distinct individual monomeric forms consisting of 121, 145, 165, 183, 189, and 206 amino acids respectively. These VEGF isomers act via three specific tyrosin kinase receptors-VEGFR1/Flt-1, [14] . The detailed function of each receptor has not been completely determined however these VEGFRs have been targeted due to their role in angiogenesis. Increased concentration of VEGF in various organs causes serious pathological conditions like cerebral venous infarcts and vasogenic edema in brain, retinal /choroidal neovascularization and macular edema in eyes, and increased glomerular permeability in kidney. Where as decrease in VEGF level also causes various pathological conditions like stroke and impaired reparative neurogenesis in brain, impaired development of collateral vessels in heart, vascular hypertension, collapse of capillary loops and impaired podocyte function in kidney, neuropathy and impairment of wound healing [15] . Table 2 describes the biochemical changes due to impaired activity of various factors and drugs for the treatment of hyperglycemic stage.
CURRENT MARKETED DRUGS FOR DIABETIC RETINOPATHY Bevacizumab
Bevacizumab (trade name Avastin ® ) is a recombinant humanized monoclonal IgG1 antibody that binds to and inhibits the biologic activity of human vascular endothelial growth factor (VEGF). Bevacizumab contains human framework regions and the complementarily-determining regions of a murine antibody that binds to VEGF (Fig. (3) ). Bevacizumab is produced in a Chinese Hamster Ovary mammalian cell expression system and has a molecular weight of approximately 149 kilodaltons [31] . 2.5 mg is recommended to be administered by intravitreal injection every two weeks.
Ranibizumab
Ranibizumab (trade name Lucentis
® ) is a recombinant humanized IgG1 kappa isotype monoclonal antibody fragment designed for intraocular use. Ranibizumab binds to and inhibits the biologic activity of human vascular endothelial growth factor A ( Fig. (4) ). Ranibizumab has a molecular weight of approximately 48 kilodaltons and is produced by an E. coli expression system. Ranibizumab is derived from the same parent murine antibody as bevacizumab. It is much smaller than the bevacizumab and has been affinity matured to provide stronger binding to VEGF-A. It is an antiangiogenic that has been approved to treat the "wet" type of age-related macular degeneration (ARMD), a common form of age-related vision loss. 0.5 mg (0.05 mL) is recommended to be administered by intravitreal injection once a month (approximately 28 days). If monthly injections are not feasible, the regimen may be reduced to 1 injection every 3 months after the first 4 months [32] .
Limitations of Ranibizumab/Bevacizumab and their Intravitreal Formulation
Since these drugs have high molecular weight and protenious in nature, there are various issues related to their stability and permeability through ocular barriers like tear 
Intravitreal injection
Triamcinolone acetonide (1-8 mg, common dose 4 mg) [20] .
Reninangiotensinaldosterone system (RAAS)
In diabetes intraocular RAAS system gets up-regulated and stimulates VEGF expression in retinal vascular endothelial cells.
RAAS inhibitors reduce blood pressure, ameliorating the hydrostatic process that exacerbates fluid leakage. E.g. ACE inhibitors: lisinopril enalapril, ramipril, candesartan, losartan and spironolactone.
PDR Intravitreal injection
Enalapril (10 mg/day) [21] .
Enzymes
The vitreous in diabetic patients undergoes structural changes leading to collagen cross-linking and vitreomacular traction worsening the DME. Newly formed vessels use the posterior hyaloid face as a scaffold to grow. The retracting vitreous pulls on these vessels and is responsible for both vitreous hemorrhage and retinal detachment in PDR. Acetazolamide DME and PDR Oral Acetazolamide [23] .
Oxidative stress Hyperglycaemia increases production of reactive-oxygen species (free radicals), leading to activation of protein kinase C, formation of advanced glycosylation endproducts (AGE), activation of the polyol pathway and VEGF production.
The antioxidants suppress production of the growth factor VEGF, which promotes abnormal blood vessels in the retina eg. Vitamin C, Viamin E, Benfotiamine.
DME and PDR Intravitreal injection
Benfotiamine has been used for the past 12 years in Europe for the treatment of neuropathy, retinopathy as well as heart and circulatory conditions and has shown no adverse effects [24] .
( fluid-eye barrier, cornea, conjunctiva and blood ocular barriers. Moreover, they are available in the form of intravitreal injection (IVT) which it self has various usage limitations like elevation in intraocular pressure from baseline up to 25mm Hg which leads to iridocyclitis, endopthalmitis and ischemic central retinal vein occlusion. Other ocular adverse events occurring in > 10% of ranibizumab treated patients were conjunctival hemorrhage, iridocyclitis, iritis, retinal hemorrhage, retinal detachment, traumatic cataract and reduction in visual acuity. Ranibizumab has course duration of 24 months, this suggests that the cost of treatment may exceed $ 58,488.00 and the delivery of IVT should be carried out by a licensed and qualified physician under controlled aseptic technique through a 5-micron 19-gauge filter attached to a 1-cc tuberculin syringe. The filter needle is replaced with a sterile 30-gauge x 1/2-inch needle for the intravitreal injection. 0.05 ml is injected into the eye under aseptic conditions using sterile gloves, a sterile drape and a sterile eyelid speculum. The eye is ordinarily prepared with Betadyne and adequate anesthesia. Each vial is used for only one eye. All these procedures lead to patient non-compliance [33] . There are various approaches to overcome these limitations by: 1.) increasing the absorption through the application of physical methods (iontophoresis/ phonophoresis), coadministration with permeation enhancers (BL-9, Brij 78, Brij 99, Fusidic acid, Saponin), incorporation into liposomes, niosomes, or other carriers. 2.) minimizing metabolism through covalent attachment to a polymer, chemical modification of primary structure, targeting to specific tissues and co-administration with enzyme inhibitor. 3.) prolonging blood levels through use of bioadhesives, liposomes, niosomes, proniosomes, polymeric nanoparticulate systems, solid-lipid nanoparticulated system or other carrier systems [34] . 
Ruboxistaurin (LY333531)
LY333531 (32mg OD for 1 month, under phase III trial) is a highly selective potent reversible PKC inhibitor which shows hydrophilic interactions with VAL 423, GLU421, THR404 in the active site of PKC II (Fig. (5) ). LY333531 is present in the form of seven salts namely hydrochloride, sulphate, mesylate, succinate, tartrate, acetate and phosphate. 43% of FDA approved marketed salts are hydrochloride and only 2% have been marketed as mesylate salts. Apart from mesylate salt, rest of the salts were eliminated either due to poor crystallinity, low solubility and impurity issues. The AUC 3.89 and Cmax 896±243ng/ml of mesylate salt are higher than its hydrochloride salt i.e 1.62 and 400±142ng/ml. The metabolite of LY333531 is N-desmethyl ruboxistaurin (LY338522) was found to be equally active with Cmax value of 2455±930ng/ml [35, 36] . LY333531 is highly selective inhibitor with an IC 50 value 5.9nm and 4.7nm for PKC II and I respectively but PKC isoforms namely , , , and get inhibited by an IC 50 values 360nm, 300nm, 250nm, 600nm and 52nm respectively [37, 38] . 
EXPECTED PROBLEMS ASSOCIATED WITH ORAL TARGETING
PKC is a signal transducer which activates or inhibits VEGF and VEGF in turn activates or inhibit PKC. Therefore, PKC and VEGF form a vicious cycle in an intracellular process of biochemical pathophysiology of neovascularization (Fig. (6) ). Since PKC family is widely distributed throughout the body and the inhibition of PKC isoforms would also suppress VEGF therefore, oral dosage form of Ruboxistaurin is likely to have serious, perhaps fatal and systemic consequences [39] like increased risk of stroke and impaired reparative neurogenesis in brain, impairment of collateral vessels development in heart, vasculature hypertension, collapse of capillary loops, impaired podocyte function and protein urea in kidney, neuropathy and impaired motor sensation in peripheral nervous system and impairment of wound healing. Comparatively, since PKC is present at high level in retina, ocular targeting of Ruboxistaurin using novel formulation approaches will be more beneficial in the treatment of diabetic retinopathy without any systemic and peripheral side effects. 
FUTURE PERSPECTIVES
Since conventional drug delivery systems (Oral or IVT) have many limitations in diabetic retinopathy, novel formulation approaches like nanoparticulate system, liposomes, niosomes, ocular inserts, in-situ gelling system (Fig. (7) ) etc may be a better alternative for the treatment of diabetic retinopathy. By using these techniques we can produce cost effective patient friendly formulations and also eliminate the complications associated with oral delivery and intravitreal injection. The advantages of these approaches may extend to long term contact along with targeted drug delivery and reduced dosing frequency, easy passage across blood retinal barrier due to nano size, direct targeting of drug to PKC/VEGF receptors, easy administration and patient compliance with low cost treatment. Therefore, novel noninvasive drug delivery may be a better approach for the treatment of diabetic retinopathy. We are presently engaged in the development of herbal nano formulations, using green pharmacy approach (Preparation of formulation using herbal drugs and biopolymers extracted from plant source without organic solvents) to target PKC/VEGF receptors for the treatment of diabetic retinopathy. 
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